Abstract. The aim of this study is to investigate the micro-behavior of the CAR1 device. This device was presented by Papadopoulos et al [1] and has the advantages to (i) provide add i-
INTRODUCTION
The safety of construction (existing or new) is one of the major priorities of engineering globally, because structures often subject to large and often devastating, for their viability, loadings. So, great interest is in the study of the innovations of the design and materials of construction that minimize the probability of failure of the structure in any charging. Therefore, many efforts have been made to create devices that will absorb the majority of the seismic energy but will not belong to the supporting structure of the construction. The main advantages of these, is the easy replaced or repaired. These devices belong to the passive energy dissipation systems, do not require external power to generate system control forces and hence, are easy and cheap to implement in a structure. Passive energy dissipation devices such as visco-elastic dampers, metallic dampers and friction dampers have widely been used to reduce the dynamic response of civil engineering structures subjected to seismic loads [2, 3] Their effectiveness for seismic design of building structures is attributed to minimizing structural damages by absorbing the structural vibratory energy and by dissipating it through their inherent hysteresis behaviour [2] .
In order to demonstrate the effectiveness of the devices, many passive energy dissipation systems were studied in experimental research [4, 5, 6, 7] , others in numerical research [8, 9, 10] and others in both of these.
The Finite Element Method (FEM) has become the most popular method in both research and industrial numerical simulations. Several algorithms, with different computational costs, are implemented in the finite codes, such as ABAQUS [11] , which is commonly used software for finite element analysis. Understanding the nature, advantages and disadvantages of this software, ABAQUS has been chosen to validate the group of the superimposed blades, which is the main element of the investigated device. Numerical analysis was conducted in order to investigate the behavior of the superimposed blades. What is more, a microinvestigation locally in regions of high importance is permissible. In this way, results come out that are harder to obtain experimentally.
In present paper, an analytical investigation of the group of the superimposed blades is presented through finite element analysis with parametric study of material, dimensions and friction coefficient between surface contacts.
DESCRIPTION OF THE INVESTIGATED DEVICE CAR1
The device CAR1, presented by Papadopoulos et al [1] , is illustrated in Figure 1 . The relevant movement between the exterior tube (Element A) and the interior shaft (Element B) is carried out by an elastoplastic bending deformation of the superimposed blades that connect crosswise elements A and B. The number and the dimensions of superimposed blades as well as their elastoplastic properties define the principle of elastoplastic behavior of the diagonal bars on an axial load. 
FINITE ELEMENT MODELING IN ABAQUS
The finite elements analysis calibration study included modeling of a group of superimposed steel blades, with dimensions 125x20x20mm, as illustrated in Figure 2 . The group consists of five steel blades with thickness of 4mm each one. Young's modulus is given as E=200GPa, Poisson's ratio is ν=0.30 and Yield strength is F=235MPa. The average coefficient of friction between steel surfaces is equal to μ=0.40 [12] . The superimposed blades are free to move along the axis x-x, independently of each other.
Τhe movements along the axis y-y and z-z are prohibited because of the existence of the external tube (Element A). Definition of boundary conditions for the superimposed blades is not considered necessary as simply mounted to the rigid components of the exterior tube A of the device. On the other hand, each rigid element is fixed (all degrees of freedom). The load is transferred to the center of the top superposed blade through the interior shaft of the device (Element B). The curvature of the interior shaft leading to uniform load transfer small amplitude along the axis x-x and y-y, which be considered as a point load. During the modeling in order to avoid high stress concentration at individual points, the load introduced as uniform in a small strip (Figure 3a) . During the analysis the load imposed at a very slow pace, increased step by step until the collapse.
To simulate the behavior of the group of superimposed steel blades, it was selected to use an explicit dynamic solver because this allows the definition of very general contact conditions for complicated contact problems, without generating numerical convergence difficulties. Moreover, an explicit dynamic solver uses a consistent large-deformation theory that can model large rotations and large deformations, which is beneficial for the analysis of the group of superimposed steel blades.
For the explicit method, 3D reduced integration solid element C3D8R (eight-node bricks) are used. A view of the finite element mesh is displayed in Figure 3b . Surfaces in contact are not only the interior surfaces of the superimposed steel blades, but also the part of exterior tube in which blades simply seat. Figure 4 shows all the contact surfaces with green color. To model the contact areas in ABAQUS, surface to surface contact was used with coefficient of friction equal to μ=0.40. 
Material of the blades
Three different qualities of materials were investigated, two steel and one brass. It was chosen soft qualities of steel and brass and particularly qualities that are easily founded in the commercial without order. In ABAQUS software a typical elastic-plastic material was used with properties that are presented in the following 
Thickness of the blades
The total thickness of the superimposed blades should be equal to 20mm, to satisfy the dimensions of the device CAR1. Thickness and number of the blades was classified into two categories. In the first, the material remained the same throughout the group, while in the second the material was differentiated from blade to blade. The analyzed combinations presented in Table 2 . The total number of combination due to the thickness, taking account of the material, is 21. 
Thickness and number of blades
Number of combination Fe150 Fe235 Br 20mm (1) or 20mm (1) or 20mm (1) 3 10mm (2) or 10mm (2) or 10mm (2) 3 5mm (4) 4 mm (5) 2 mm (10) 5mm (2) 4mm (3) 5 mm (3) or 5mm (4) or 4mm (5) or 2mm (10) or 5mm(2) or 4mm(3) or 5mm(3) or 5mm (4) or 4mm (5) or 2mm (10) and 5mm(2) and 4mm(2) and 2.5mm (2) 3 3 3 2 2 2
Coefficient of friction
When surfaces in contact move relative to each other, the friction between the two surfaces converts kinetic energy into thermal energy. Friction is not itself a fundamental force but arises from interatomic and intermolecular forces between the two contacting surfaces. The coefficient of friction (COF), often symbolized by the Greek letter µ, is a dimensionless scalar value which describes the ratio of the force of friction between two bodies and the force pressing them together. The coefficient of friction depends on the materials used as Table 3 illustrates. Figure 6 illustrates the observed dependence of load on displacement (at the middle point of the bottom blade) for group of superimposed steel blades for all coefficient friction. The groups, which presented in this Figure, are one blade with thickness 20mm and two blades with thickness equal to 10mm each one. It can be deduced that the blades of both groups entered in the plastic area in small displacements. The behavior of these groups is not compatible with the rationale of the device CAR1, although the large load that can be received. The observed dependence of load on displacement (at the middle point of the bottom blade) for group of superimposed steel blades with thickness 4mm for all coefficient friction is presented in Figure 7 . Also for the desirable displacement of 13mm, we can notice the variation of the received load. The choice of movement was indicative in order to observe the influence of the coefficient of friction. Thus creating knurled in blades, such as increasing the friction coefficient to 0.70, the received force for this movement can easily increased around 20%. Figure 8 shows the comparison of maximum load for the desirable displacement equal to 13mm. Three different thicknesses of blades, such as 5mm, 4mm and 2mm, were selected in Figure 8a . The materials of the groups are steel and brass. It is necessary to notice that material and thickness remain the same into the group. The optimum combinations are the groups with blade's thickness 5mm or 4mm and material Fe235. The received load for the brass blades is small due to the Young Modulus. In addition, the material was differentiated from blade to blade in Figure 8b . The received load is smaller than the corresponding with the same material into the group, but it reduces the probability to behavior like one part over time. 
Surfaces in contact

DISCUSSION OF PARAMETRIC STUDY
Load (t)
Fe150-Br One of the optimum combinations was chosen to illustrate the variation of the mises stress according to friction coefficient at a load magnitude corresponding to yield of frictionless group ( Figure 9 ). The thickness of the blades is equal to 5mm and the material is Fe235. 
Load (t) Bottom displacement (mm)
μ=0.00 μ=0.40 μ=0.70
2.80
Mises Stress t=0.30sec, μ=0.00
Mises Stress t=0.30sec, μ=0.40
Load vs displacement for group with thickness 5mm and Fe235
Mises Stress t=0.30sec, μ=0.70 Figure 9 : Load versus displacement for superimposed blades with thickness equal to 5mm and Fe235 and mises stress of blades at a load magnitude corresponding to yield of frictionless group.
CYCLIC LOADING
Quasi-static cyclic tests were carried out for a group of superimposed steel blades in order to ascertain its behavior to absorbed seismic energy. Multiple dynamic tests were run on each group of superimposed blades under varying load amplitudes and time. In Figure 10 the cycling load versus time, for the group of 4 blades with thickness equal to 5mm, is presented. Blue line illustrate one cycle loading with stable maximum force equal to 2.25t, while red line shows three cycles loading with increasing force cycle by cycle from 1.50t to 2.25t. Figure 11 illustrates the hysteretic loops of the displacement for the previous cycles loading. As hysteretic loops of the displacement represent the amount of the absorbed energy, we can notice the ability of the device CAR1 to absorb seismic energy. From the shape and consistency of the hysteresis loops, it can be determined that the CAR1 device is effective in dissipating energy. The area within a hysteresis loop is equivalent to the amount of energy that the device is dissipating. In addition, tests were run for ten cycles in order to ascertain any degradation in behavior over repeated cycles. To produce these hysteresis loops, load of amplitudes varying from 2.50t-3.00t were applied on group for 10 cycles as shown in Figure 12 . From the shape and consistency of the hysteresis loops, as illustrated in Figure 13 , it can be determined that the CAR1 device is effective in dissipating energy and it will not break down during the course of cyclic loading. Furthermore, it can be seen that CAR1 device has very good energy dissipation potential. Figures 14 shows the distribution of plastic equivalent strain and the deformed shape of the 5 superimposed steel blades with thickness 4mm at the end of 10 cycles. It is observed that the nodes with more stress, is the center of the blades and the support points of the blades into the exterior tube.
Load=2.50 t Load=3.00 t Load=3.50 t 
VALIDATION OF NUMERICAL AND EXPERIMENTAL TEST RESULTS
The finite elements analysis calibration study included: (i) modeling of a group of superimposed steel blades and (ii) comparison of the numerical results with the same experimental. The group consists of five steel blades, 4mm thick each. Young's modulus is given as E=200GPa, Poisson's ratio is ν=0.30 and Yield strength is F=235MPa. The average coefficient of friction between steel surfaces is equal to μ=0.40. During the analysis the load imposed at a very slow pace, increased step by step until the load of 3.60t and then reduced step by step. As it is shown, in Figure 15 , the finite element results are in accordance with the experimental results. 
CONCLUSION
In this paper, an analytical investigation of the group of the superimposed blades, which is the main element of the device CAR1, was presented. The group analyzed through finite element analysis with parametric study of material, dimensions and friction coefficient between surface contacts. Furthermore, the numerical results reveal some conclusions of the behavior of the superimposed blades, namely that:
 Group of blades with thickness 20mm and 10mm entered in the plastic area in small displacements. The behavior of these groups is not compatible with the rationale of the device CAR1, although the large load that can be received. While blades with thickness equal to 4mm and 5mm are the optimum combinations.
 In addition, in group blades where the material was differentiated from blade to blade the received load is smaller than the corresponding with the same material into the group, but it reduces the probability to behavior like one part over time.
 The hysteresis loops of the displacement for the 10 cycles loading confirm the ability of the device CAR1 to absorb seismic energy. The area within a hysteresis loop is equivalent to the amount of energy that the device is dissipating. From the hysteresis loops, it can be seen that the device CAR1 not only is effective in dissipating energy, but also it will not break down during the course of cyclic loading.
